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RESULTS

98
Baseline characteristics 99
Of the 4,344,247 singleton live births between 2000 and 2010 a total of 3,896,242 (89.7%) met the 100 inclusion criteria and were included in the study. 2,025,502 (52.0%) births were from Florida, 101 782,522 (20.1%) from Massachusetts and 1,088,218 (27.9%) were from Michigan (Table 1) . Of these, 102 32,762 (0.8%) were conceived through ART. Mothers in the ART group were older and had fewer 103 previous live births compared with mothers in the non-ART group (p-value <0.001). Infants' sex was 104 not significantly different between the ART and the non-ART group (p-value=0.789). The prevalence 105 of reported smoking during pregnancy was lower in the ART group compared to the non-ART group 106
(1.2% vs 10.0 % respectively, p-value <0.001). Cesarean section deliveries were more common in the 107 ART group than the non-ART group (46.6% vs. 30.9% respectively, p-value <0.001). The average time 108 between recorded deliveries was 2.9 years for non-ART group and 3.2 years for the ART group 109 (p<0.0001). 110
Of the 32,762 ART births, 32,383 (98.8%) were conceived through in vitro fertilization (IVF) and 1.2% 111 were conceived through other ART procedures including gamete intra-fallopian transfer, zygote 112 intra-fallopian transfer or a combination of these. Reasons for ART treatment included female factor 113 infertility in 63.8% of cases, male factor infertility in 38.3% of cases and unexplained infertility in 114 13.7% of cases. The most common reason for ART treatment for female infertility was tubal factor 115 (Table 2) . 116
When the study population was restricted to discordant sibling pairs the sample size reduced to 117 12,916 with 6,458 live births in the ART group and 6,458 in the non-ART group and the birth 118 characteristics were highly comparable in both the groups (Supplementary Table 1) . 119
ART and birth outcomes 120
In adjusted models from the conventional analysis, infants in the ART group weighed 64 grams less 121 than infants in the non-ART group (β coefficient= -64.11g, 95% CI -69.74,-58.48). In comparison the 122 mean reduction in birthweight in the ART group compared to non-ART group in the sibling pair 123 analysis was 33 grams (β coefficient= -33.40 g, 95% CI -48.60,-18.21). Gestational age at delivery 124 was lower in the ART group compared with the non-ART group, the conventional analysis again 125
showing a more marked difference between groups (-1.66 days) than the sibling analysis (-0.58 days) 126 (Table 3) . 127
In the conventional analysis, the absolute risks of low birthweight and preterm birth were 1.4% 128 higher in the ART group compared to non-ART group. After adjusting for confounders, infants in the 129 ART group still had a 38% increase in the odds of low birthweight (OR=1.38, 95% CI 1.32, 1.43) and a 130 51% increase in the odds of preterm birth (OR=1.51, 95% CI 1.46, 1.56) compared with the non-ART 131 group. The relative risk of low birth weight was similar when gestational age was removed from the 132 birth weight model (OR 1.48, 95% CI 1.42, 1.54). The absolute risk for SGA was very similar in the 133 ART and non-ART groups (1.8% and 1.7% respectively). However, after adjusting for confounders 134 there was an 11% increase in the odds of SGA in the ART group compared to the non-ART group 135 (OR=1.11, 95% CI 1.03, 1.21). The odds of low Apgar score was not different between groups 136 (OR=0.99, 95% CI 0.90, 1.09) ( Table 4) . 137
In the discordant sibling pair analyses, absolute risk differences of low birthweight between the ART 138 and non-ART groups were smaller such that the absolute risk was 6.8% in the ART group compared 139 to 4.9% in the non-ART group with a similar adjusted OR as the conventional analysis (OR=1.33, 95% 140 CI 1.13, 1.56 and OR=1.45, 95% CI 1.26, 1.67 after excluding gestational age from the model). After 141 adjusting for confounders there was still a statistically significant increased risk of preterm birth in 142 the ART group compared to the non-ART group however the effect size was smaller (OR=1.20, 95% 143 CI 1.07,1.34) than the conventional analysis estimate. There was no increased risk of low Apgar score 144 in relation to ART (OR 0.75, 95% CI 0.54, 1.05). The odds ratio for SGA in the ART group relative to 145 the non-ART group was higher in the sibling analysis than the conventional analysis (OR 1.22, 95% CI 146 0.88, 1.68), however the confidence intervals for the estimates from these two approaches 147 overlapped (Table 4) . 148
When analyses were stratified by three indications for ART (Supplementary Table 2 ), the magnitudes 149 of association between most birth outcomes and ART were similar or smaller in the sibling pair 150 analysis compared with the conventional analysis. When comparing the overall ART sibling pair 151 analysis with the sibling pair analysis by ART indication, the magnitude of effect for female infertility 152
were very similar to the overall estimate (OR for low birthweight 1.45(95% CI 1.17, 1.78) , however; 153 the relative risks of adverse perinatal outcomes in the male infertility group were lower than the 154 overall risks and not significantly different from the non-ART group (OR for low birthweight 0.91 155 (95% CI 0.67-1.23)). 156
DISCUSSION 157
Principal findings 158
Using a large population-based dataset and both a conventional data analysis approach and a 159 discordant sibling pair design, we found that ART births were associated with an increased risk of 160 low birthweight, preterm birth and SGA compared with non-ART births. Conventional analyses 161 provided very similar risk estimates except for pre-term birth where the adjusted risk was found to 162 be higher in conventional analysis compared with sibling analysis. 163
Strengths and limitations 164
To our knowledge, this is the first study to date in the US to assess the association between ART and 165 adverse birth outcomes using a discordant sibling pair design. The number of sibling pairs in our 166 study was about three times higher than the two previous studies using this approach (6,458 pairs in 167 the current study vs. related to prior pregnancies, use of medications etc.) which we were not able to control for in our 185
analyses. Also, to be included in the sibling discordant analysis mothers had to have a non-ART 186 conception and an ART conception, which may not be the case for all women undergoing ART. 187
Furthermore, we used unconditional logistic regression with the maternal strata as a random effect 188 (rather than using conditional logistic regression) which may have resulted in an underestimation of 189 the effect size. We were able to keep maternal factors as constant as possible within the sibling 190 analysis; however we did not have any information for additional adjustments by paternal factors, 191 which could potentially explain some difference in the effect estimates in the sibling design, 192 especially if both siblings had different fathers. Nevertheless, the impact of paternal factors on the 193 association between ART and perinatal outcomes is unclear. Additionally, we were unable to identify 194 whether non-ART births were conceived using other fertility treatments such as ovulation induction 195 etc., which could potentially bias our results towards null. Lastly, we did not take any treatment We found the odds of low birthweight to be 38% higher and the odds of preterm birth to be 51% 204 higher when all singleton ART births were compared to non-ART births. This is slightly lower than 205 estimates from a previous study from Massachusetts (1997) (1998) which found that the odds of low 206 birthweight were 80% higher (OR 1.8, 95% CI 1.6-2.0) and the odds of pre-term delivery were 50%higher (OR 1.5, 95% CI 1.2-1.7) in singleton ART births compared to singleton non-ART births. The 208 study from South Australia also found similar estimates with 98% higher odds of low birthweight, 209 64% higher odds of pre-term birth, 22% higher odds of SGA and no association between ART and 210 low Apgar scores at 5 minutes (OR 1.70, 95% CI 0.92-1.49).(9) A potential explanation for lower odds 211 compared to previous studies could be an increase in single embryo transfers over time 212 consequently improving perinatal outcomes of ART.(23, 24) 213
In the sibling analysis, we found 33g reduction in the birth weight in the ART group compared to the 214 non-ART group (β=-33.40, 95% CI -48.60,0-18.21). The sibling discordant study from Denmark, 215 including 3,879 mothers with both IVF-ICSI and natural conception found similar results with a 65g 216 reduction in birth weight in babies conceived through IVF-ICSI compared to natural conception(11), 217 as opposed to no statistically significant difference in birth weight reported in the Norwegian study 218 with 2,204 sibling pairs.(10) The odds of low birthweight were still 33% higher in the ART group 219 compared to non-ART group. The odds of pre-term birth among ART as compared with non-ART 220 infants was reduced by over half, i.e. 20% increased odds compared to a 51% increased odds in the 221 conventional analysis, however the increased risk remained statistically significant for ART infants. 222 This is in line with the results of the meta-analysis combining results from the previous sibling 223 discordant analyses, which found the odds of pre-term birth to be 27% higher in the ART group 224 compared to non-ART conception (pooled OR 1.27, 95% CI 1.08-1.49).(25) We did not find a 225 significant association between ART and mean Apgar score at 5 minutes in either the conventional or 226 sibling analysis, which is consistent with previous studies.(5, 9). We noted that the risk of all adverse 227 perinatal outcomes was smaller in the ART group with only male factor infertility compared to 228 female factor such that there was a 35% increased risk of preterm birth associated with ART with 229 underlying female infertility and no significant increase in the risk associated with underlying male 230 infertility. A previous study using data from 
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